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low corneal injury, 23 had epithelial basement membrane dystrophy (EBMD), 8 had both and 11 hM neither. Mean age at presentation was 38 years and follow-up ranged from 6 to 16 months (mean 10.6 months). Sixty-one patients presented with a first acute corneal erosion, 21 with a subsequent acute corneal erosion and 3S with chronic symptoms. Patients with EBMD or a trauma related focal epithelial basement membrane abnormality were more likely to present with chronic recurrent symp toms than trauma-related cases with no abnormality on examination. Both EBMD and trauma-related cases typi cally recurred in the lower half of the cornea, frequently in the midline (z = 7.3,p<0.0001), suggesting an intrinsic or acquired abnormality of the epithelial basement mem brane at this site. Only four of 82 acute episodes did not resolve by S days with simple patching, cycloplegia and topical antibiotic ointment. In the vast majority of patients presenting with an acute erosion, simple management measures only are required. Of 117 cases started on prophylactic ointment at night, further ther apy due to prophylaxis failure was required in only S. EBMD was a risk factor for failure (relative risk 10.77).
There was no difference in efficacy between once daily prophylactic paraffin and hypertonic saline ointments Correspondence to: Philip G. Hykin diagnosed using a broad tangential beam or retroillum ination from a dilated pupil. A history of trauma, the pres ence of EBMD and the presence of a focal epithelial basement membrane abnormality, were employed to clas sify patients into one of six categories (Table I) .
A focal epithelial basement membrane abnormality of the cornea was defined as a unilateral localised area of abnormality, usually intra-epithelial microcystic change.
EBMD was defined as the presence of microcystic, finger print or map change in the epithelia of both eyes, in the contralateral eye to the presenting acute episode, or in either eye with a positive family history. At presentation with an acute corneal erosion the site and the size of the lesion were recorded by involved sectors on a corneal chart (Fig. 2) . Involvement of 0-3 sectors was classified as small, 4-6 sectors as moderate, 7-9 as large and 10-12
as very large. The distributions of EBMD lesions were recorded in both eyes at presentation on the corneal chart.
Patients were excluded if the RCE was secondary to topathy, (4) bullous keratopathy, (5) keratoconjunctivitis sicca, (6) neurotrophic keratitis or (7) neuroparalytic keratitis.
Management of Acute Episodes
The acute episode was managed with topical chloram phenicol ointment, cycloplegia and patching with review at 24 hours and 5 days. At 5 days, if the acute erosion had resolved, the patient was entered into the prophylactic arm of the managment algorithm ( Fig. 1 ) and randomised into 37 receiving prophylactic topical paraffin or hypertonic saline ointment nocte. If the acute episode had failed to resolve or prophylactic measures had failed, the patient entered the treatment arm of the algorithm. If the lesion involved the visual axis, the patient was managed with a therapeutic contact lens, but if not the patient was random ised into treatment by anterior stromal puncture or a thera peutic contact lens. If either of these techniques failed to control symptoms a partial superficial keratectomy (anterior to Bowman's membrane) was performed. Patients in whom this failed to control symptoms were withdrawn from the study and considered for total super ficial keratectomy or excimer laser therapy. Patients pres enting with chronic symptoms without an acute lesion were immediately randomised for prophylaxis.
Treatment Modality Regimens
Hydrogel (80% water content) therapeutic soft contact lenses were used where indicated. After initial fitting, the lens was reviewed at 24 hours and, if the fit was satisfac tory and the eye quiet, it was left in situ for 6 weeks. If the patient was asymptomatic for 6 weeks, the lens was removed and the patient randomised for prophylaxis. If symptoms persisted at 6 weeks, lens wear was continued until no symptoms had occurred for 6 weeks. The patient was instructed to report to the hospital immediately the eye became red or painful. Once the eye was asympto matic the lens was removed and the patient entered into the prophylaxis arm of the management algorithm. Anterior stromal puncture was performed using a pur pose-designed needle (Look Inc.) with a 0.1-0.3 mm turned end, to protect against the risk of inadvertent cor neal perforation. Puncture marks were made 1 mm apart to the level of Bowman's membrane over the area of affected corneal epithelium and extending for 1 mm onto normal surrounding cornea.
Partial superficial keratectomy was defined as removal of the corneal epithelium to within 2 mm of the limbus with subsequent removal of basement membrane with centripetal strokes using a no. 14 Bard Parker blade. Total superficial keratectomy was defined as the above with additional removal of epithelium to the limbus.
Prophylaxis
Prophylactic ointment consisted of either hypertonic saline or paraffin ointment applied once daily at night, by pulling down the lower lid and applying ointment the length of the inferior conjunctival fornix. After random isation with prophylactic agents, all patients were reviewed at 3 months, and categorised as: (1) asympto matic, (2) controlled. defined as 'some symptoms experi enced, but insufficient to interfere with the patient's daily routine', or (3) failures. defined as 'patients in whom a recurrent acute erosion had occurred or chronic symptoms troublesome enough to interfere with the patient's daily activities'. Prophylaxis was stopped in group 1. continued in group 2, with 3 monthly review. and group 3 patients were entered into the treatment arm of the algorithm and managed as for non-resolving acute episodes. Patients who underwent anterior stromal puncture or superficial keratectomy recommenced prophylactic treatment at 10 days and were followed in the usual way. At 1 year, the 3 monthly review was discontinued and yearly review insti tuted, with additional visits at the patient's request.
Statistical Methods
The difference in the incidence of lesions in the superior and inferior cornea was compared using Student's t test (: score). As selected cell values were less than 5, Fisher's exact test was used to compare the efficacy of prophylactic hypertonic saline and paraffin ointment, and the ,relative risk of prophylactic treatment failure for the EBMD and trauma-related groups was estimated from,Fisher's exact test.
RESULTS

Clinical Characteristics of the Study Group
One hundred and seventeen patients were recruited to the study with follow-up ranging from 6 to 16 months (mean 10.6 months). The average age of the patients was 38 years (range 14-80 years); 55 were male and 62 female. The numbers of patients recruited to each group (Table I) showed that category 1, a focal EBM abnormality and a history of trauma, comprised the largest group (36%). Method of presentation (Table J) was by acute corneal ero sion in 70% and by chronic recurrent symptoms in 30%. Of patients presenting with an acute corneal erosion, 70% had pain or lacrimation on waking, 20% were awoken by pain during the night, and 10% had an atypical presen tation such as pain during the day. There was no correla tion of these presentations with patient category. Chronic symptoms ranged from mild episodes of pain occurring once a month to pain each morning, and were a more com mon method of presentation in EBMD cases of category 4 (43%) than in trauma-related cases of categories 1 and 5 (26%). The history of trauma given by patients in groups 1, 3 and 5 ranged from 2 weeks to 45 years beforehand (median 3 months), the commonest means being a child's fingernail or a clothes brush. There was no correlation of patient category with type or timing of injury. The site of original trauma was frequently unknown. Of patients presenting with an acute first episode of RCE, 36% with EBMD and 46% with a history of trauma had a lesion partially or totally involving the midline below the horizontal meridian (Fig. 2) . In both groups there was a clear predilection for the lesion to involve the lower half of the cornea compared with the upper (: = 7.3, p<O.OOOI). There was no difference in the overall size of the acute erosion when first seen; 11 of 13 (88%) cases with EBMD had a s�alliesion and 54 of 55 (98%) with a history of trauma. In the former group it was frequently in or adjacent to an area of fingerprint or microcystic change, but the extent of the latter did not correlate with the size of the acute erosion. In only 2 cases was an anterior uveitis present in conjunction with the acute lesion. There was no correlation between symptom pattern in terms of time of onset and size and position of the corneal lesion.
Natural History
Of patients presenting with an acute episode, only 4 of 82 had failure of this episode to resolve at 5 days. All 4 patients had presented with an acute first episode. One case developed an anterior stromal infiltrate which, although sterile on bacterial culture, resolved on topical antibiotic therapy. The 3 remaining cases (2 in category 1 and I in category 4) had lesions involving the visual axis and were managed with a therapeutic contact lens. In all 3 cases the contact lens controlled symptoms; it was removed at 6 weeks and prophylaxis begun.
Prophylaxis
Of the patients randomised into prophylactic treatment with simple eye ointment, 39 had a history of trauma and 12 had EBMD; of those receiving hypertonic saline, 36 had a history of trauma and 11 had EBMD (Table I) . There was no difference in the efficacy of the two ointments as prophylactic agents in their ability either to control symp toms or to abolish them completely (Fisher's test).
Patients with EBMD had an increased risk of prophylactic failure (relative risk 10.77) and required further management. Five patients were withdrawn from prophylactic treat ment because of unacceptable symptoms. Four were treated with a contact lens. In 2 instances (one patient, both eyes) this failed to control symptoms and partial superficial keratectomy was performed in both eyes, which relieved but did not totally abolish symptoms. Anterior stromal puncture was performed in the fifth patient over a small area of inferior cornea, resulting in symptomatic control. These patients all then recom menced prophylactic treatment.
DISCUSSION
The largest category (36%) of patients comprised those with a history of trauma to the cornea and a persistent focal epithelial basement membrane abnormality characterised by a localised area of microcyts. I" It has been assumed that this results in impaired attachment of the epithelial layer to underlying basement membrane. " A recent study suggest ing that most epithelial cells retain cytoplasmic extensions in contact with the basement membrane may make this more important than previously realised. In The next largest patient group (category 5) comprised patients with a history of trauma but a clinically normal corneal epi thelium. It is perhaps surprising that patients (n = 6) with a normal corneal epithelium should develop RCE, although it is possible that a subclinical abnormality of the epithelial basement membrane exists. It is interesting to note that one such patient subsequently developed symp toms consistent with RCE in his second eye, suggesting that an abnormality of the epithelial basement membrane existed in this eye also, although it was normal on examin ation. Patients with EBMD alone (23%) and those with EBMD and a history of trauma (7%) comprised a smaller percentage of cases than has previously been reported. I In addition, 5 patients with an epithelial basement membrane abnormality in one eye but no history of trauma were recruited, suggesting trauma had passed unnoticed or that these cases represented a localised or subclinical form of EBMD. Six cases were identified in which no corneal abnormality was found despite a characteristic history, and it is assumed these cases may have had subclinical EBMD.
Analysis of symptom patterns in isolation and in the context of the six categories showed a trend for patients with EBMD and those with trauma and a focal epithelial basement membrane abnormality to have more recurrent symptoms than trauma-related cases. Although it has been stated that EBMD cases tend to develop microerosions while trauma-related cases 6 develop large acute erosions, we found no difference in the size or site of acute erosions between these groups. No symptom pattern was found to be predictive of the effects of acute treatment or of prophy laxis failure. The majority of acute corneal erosions occurred wholly within the lower half of the cornea, irres pective of patient category. This was true in patients who initially experienced an episode of trauma and is at odds with a previous study. s However, in a number of cases the site of the original injury was not known because the patient had either not sought medical attention at the time of the original injury or was seen elsewhere. It has been suggested that recurrences occur in close proximity to the Hudson-Stahli line and that this is a factor in recurrence. 8 It may also be that in moderate-and large-sized erosions involving the central cornea, the last area to re-epithelial ise is the area in the midline below the horizontal meridian because centripetally moving convex fronts of epithelium meet at this apex and alignment of different fronts of base ment membrane takes longest at this point, 17 predisposing it to subsequent breakdown. Other factors such as upper lid movement across the ocular surface and local tear film drying are also most likely to disrupt the surface at this site.
Over 95% of patients presenting with an acute corneal erosion were successfully managed with patching, cyclo plegia and topical antibiotic ointment. This is in agree ment with previous studies 4 . 6 and suggests this treatment should be tried in all cases in the first instance. Debride ment of corneal epithelium was not performed in this study because although it may reduce the time for acute erosions to heal 4 . 6 it is not thought to influence the inci dence of recurrences. If the acute corneal erosion had not resolved at 5 days, further management was initiated. This 5 day limit to conventional management was arbitrary, but was an attempt to limit prolonged patient morbidity extending continuously from the acute episode. I I Of 4 cases that required further management, 1 developed an anterior stromal infiltrate, which was treated as presumed microbial keratitis with hourly topical antibiotic therapy. This is an uncommon complication of recurrent corneal erosion. IS The other 3 were fitted with a therapeutic con tact lens for 6 weeks which controlled symptoms and enabled subsequent prophylactic treatment to commence. Of 5 patients in total fitted with a therapeutic contact lens, I required further management because symptoms were not controlled but no contact lens complications occurred. In accordance with previous reports, we believe therapeutic contact lens wear should only be used in RCE under close supervision and in recalcitrant cases to allow symptomatic relief and regeneration of epithelial base ment membrane. A period of 6 weeks was considered the minimum period for lens wear on the basis of the time taken for epithelial basement membrane remodelling to occur in animals. 19 Anterior stromal puncture was performed in I case without complication and almost totally abolished symp toms. Lesions involving the visual axis were not treated by anterior stromal puncture, which limited its use. Other authors have reported favourable results with this tech nique and have suggested that treatment across the visual axis is possible. 9 . lo We believe that although scars across the visual axis fade with time they may remain a source of troublesome glare to the patient.
All cases were randomised into prophylactic treatment with either hypertonic saline or paraffin ointment at night. There was no difference in the efficacy of these two oint ments either in controlling symptoms attributable to RCE or in abolishing them completely. Simple eye ointment contained liquid paraffin 30% and yellow soft paraffin 70%. Hypertonic saline contained sodium chloride 5%, freshly distilled water 14.5%, lanolin 38%, liquid paraffin 9.8% and yellow soft paraffin 32.7%. The high proportion of lanolin is hydrophilic to the sodium chloride in solution and acts to emulsify it. It is widely believed that hyper tonic saline is preferable to paraffin ointment because the emulsified 5% sodium chloride enters the tear film and exerts an osmotic action which serves to keep the super ficial cornea dehydrated and prevents lifting of the corneal epithelium. 4 . l9 . 2o . 21 Hypertonic saline ointment (5% sodium chloride in petrolatumllanolin) has been shown to reduce corneal oedema, as measured by central corneal thickness, by up to 20% at 3-4 hours after dosage in patients with corne � l oedema. 22 This suggests the hyper tonic saline ointment can exert an osmotic action via the tear film in patients with an intact corneal epitheliun /3 and significant corneal oedema. Whether it exerts an osmotic action that stabilises the corneal epithelium in patients with recurrent corneal erosion without corneal oedema is unknown and this study suggests it may not. Certainly if the corneal epithelium is traumatised it imbibes salt solu tions and the salt exerts no useful osmotic effect. 2� It may cause irritation and itchiness and its use seems unjustified at present in the prophylaxis of recurrent corneal erosion.
Patients with EBMD were at greater risk of prophylac tic ointment failing to control symptoms than other groups and this is perhaps not surprising in view of their tendency towards more chronic persistent symptoms.
The vast majority of cases of acute epithelial erosions will resolve on simple conservative management and no more invasive form of therapy should be considered until the acute lesion has had adequate opportunity to heal. Patients with EBMD or a focal abnormality are more likely to have more chronic recurrent symptoms th ' an cases normal on examination. Prophylaxis' with paraffin or hypertonic saline ointment is equally effective. EBMD cases are more likely to fail on prophylactic treatment than other cases. Few cases required further management, and were characteristically cases with EBMD or a focal epi thelial basement membrane abnormality.
